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(57) ABSTRACT 

The present invention provides a method for standardizing 
MR image intensity scales by the use of post-processing 
intensity transformation techniques applied to routinely 
acquired images. The method requires neither specialized 
acquisition protocols, nor calibration phantoms. The stan 
dardizing method offers previously unattainable consistency 
of intensity meaning of tissues by devising a transformation 
that is speci?c to a given MRI protocol and/or for any body 
region to provide standardized images. Essentially, the his 
togram of a given volume image is deformed to match a 
“standard” histogram for the corresponding MRI protocol 
and body-region, thereby minimizing or eliminating the 
human interaction required in the per-case manual Window 
adjustments needed to visualize MR images at physician 
vieWing stations. The method offers signi?cantly more con 
sistent tissue meaning for MR image intensities than the 
images before standardization. Also provided are MR 
images having standardized intensity scales. 

17 Claims, 16 Drawing Sheets 
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METHOD FOR STANDARDIZING THE MR 
IMAGE INTENSITY SCALE 

GOVERNMENT INTEREST 

This Work Was supported in part by at least one grant from 
NIH, number NS 37172. The government may have certain 
rights in this invention. 

FIELD OF THE INVENTION 

This invention relates to magnetic resonance imaging 
(MRI), image normalization, image display, and image 
processing. 

BACKGROUND OF THE INVENTION 

Magnetic Resonance Imaging (MRI) has revolutionized 
radiological imaging of the internal structures of the human 
body. It has the advantage of being noninvasive With no 
knoWn health haZards. A variety of MRI protocols are 
currently available, With and Without the use of contrast 
agents, such as T1, T1 With a contrast agent, T2 and proton 
density (Pd) With spin-echo (SE) or fast spin-echo (FSE) 
sequences, magnetiZation transfer (MT), FLAIR, SPGR, and 
GRASS. These protocols alloW a variety of contrasts to be 
set up among the different tissues Within the same organ 
system. 

Ironically, this richness of image acquisition modalities 
presents a major problem. The image intensities in MRI do 
not have a ?xed meaning, not even Within the same protocol 
for the same body region obtained on the same scanner for 
the same patient. This is due to a variety of scanner 
dependent variations. Unlike other imaging methods, such 
as X-ray computeriZed tomography, MR images lack a 
standard and quanti?able interpretation of image intensities. 
Consequently, absolute intensity values lack a ?xed mean 
ing. This implies that MR images cannot be displayed at 
preset WindoWs. One may have to re-adjust the WindoW 
settings for each case, perhaps even for the same patient. The 
lack of a meaning for intensities also poses problems in 
image segmentation and quanti?cation (BeZdek et al., Med 
Phys. 20 (4):1033—1048 (1993); Clarke et al., Magn. Reson. 
Imaging, 11 (1):95—106 (1993); Kikinis et al., J. Magn. 
Reson. Imaging, 2:619—629 (1992); Udupa et al., IEEE 
Trans. Med Imaging, 16(5):598—609 (1997)). 
Most visualiZation and analysis methods have parameters. 

The eXceptions are perhaps manual methods, Wherein the 
human knowledge can be considered to be representative of 
the parameters. HoWever, the results of segmentation by tWo 
physicians are likely to differ because of the differences in 
their training. Setting values for the parameters for the 
non-manual methods becomes more dif?cult Without the 
same protocol-speci?c intensity meaning. Thus, there has 
been a recogniZed need in the art, With regard to protocols 
that Were the same or “close” to each other, to try to develop 
Ways that the resulting images Would also be “close.” 

Attempts have been made in the past to calibrate MR 
signal characteristics at the time of acquisition using phan 
toms (Edelstein et al., Med. Phys. 11 (2):180—185 (1984); 
Yamamoto et al., Radiology 209(P):582 (1998)). Although it 
is feasible to do such a calibration of each patient scan, it 
Would obviously be too cumbersome to be practical or 
ef?cient. Moreover, such a technique is not applicable to 
image data that have already been acquired Without the 
required calibration phantoms. Post-processing techniques 
that could be applied to the image data Without special 
acquisition requirements Would clearly be more practical 
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2 
and attractive to the practitioner. Such methods Would not 
only make acquiring images simpler, but also permit pro 
cessing already-acquired data. 

There has been a natural tendency to think that a simple 
scaling of the minimum to maXimum intensity range of the 
given image to a ?Xed standard range could solve this 
problem. HoWever, as illustrated in FIG. 1, simple scaling is 
usually ineffective in achieving a similarity of intensities. 
A post-processing technique to automatically adjust the 

contrast and brightness of MR images (i.e., “WindoWing”) 
for image display has been presented in Wendt, J. Digit. 
Imaging 7:95—97 (1994). HoWever, although such automatic 
WindoWing may achieve display uniformity, it is inadequate 
for quantitative image analysis, since the intensities still do 
not have tissue-speci?c meaning after the WindoWing trans 
formation. There does not seem to have been any serious 
attempt to address this latter problem in the past. 

Therefore, although the need for image consistency Was 
recogniZed, solutions to the problem Were not forthcoming 
until the present invention. Until noW, there remained a need 
for a simple, quick and reliable means and method by Which 
MR images could be transformed under conditions by Which 
there is a signi?cant gain in the similarity and the meaning 
of intensities of the resulting images. 

SUMMARY OF THE INVENTION 

The present invention provides a method for standardiZ 
ing MR image intensity scales by post-processing intensity 
transformation techniques on routinely acquired images, 
Without requiring specialiZed acquisition protocols and cali 
bration phantoms. The standardiZing method offers previ 
ously unattainable consistency of intensity meaning of tis 
sues by devising a transformation that is speci?c to a given 

MRI protocol, PEP, and for any body region, DeD, to 
provide standardiZed images, VSi. Essentially, the histogram 
of a given volume image is deformed to match a “standard” 
histogram for the corresponding protocol and body-region. 
The parameters of the standard histogram are “learnt” in a 
training step. This permits standardiZing and ?Xing “Win 
doWs” by protocol, body region, and tissue regions, thereby 
minimiZing or eliminating the human interaction required in 
the per-case manual WindoW adjustments that are currently 
required in visualiZing MR images at physician vieWing 
stations. The method offers signi?cantly more consistent 
tissue meaning for MR image intensities than the images, 
Vi, before standardiZation. 

Accordingly, it is an object of the invention to provide a 
method for standardiZing MR image intensity scales for 
imaging a region of the body of a patient, Wherein the 
method comprises post-processing intensity transforming a 
routinely acquired MR image of the region of the patient’s 
body, Wherein the image is acquired by any selected MRI 
protocol, and Wherein the method requires no specialiZed 
acquisition protocol or calibration phantoms. 

It is a further object of the invention to provide a method 
for standardiZing MR image intensity scales, Wherein a 
standardiZed intensity histogram is achieved for the selected 
MRI protocol, and for the selected region of the patient’s 
body, by the steps comprising: a) estimating for the selected 
protocol and region of the patient’s body, certain landmarks 
from a given set of image histograms to form a standard 
histogram, a standardiZer; (b) imaging the region of the 
patient’s body by the selected protocol to form an image 
histogram, and (c) computing the standardiZed intensity 
histogram by mapping landmarks determined from the 



US 6,584,216 B1 
3 

image histogram to corresponding landmarks of the standard 
scale histogram. 

Preferred embodiments of the invention are provided, 
Wherein the standardiZed images of similar intensities have 
similar tissue meaning, independent of variations Within or 
betWeen patients. The standardiZation is speci?c to a MRI 
protocol and/or to a speci?c body region. The resulting 
standariZed images are independent of variations Within or 
betWeen MRI scanners. 

Theoretical guidelines are provided, accompanied by a 
practical demonstration of hoW to utiliZe them for selecting 
the values of the parameters of the method. In addition, the 
present invention offers proofs that lossless intensity trans 
formation and order is guaranteed if choices are made in 
accordance With the provided guidelines. Several variants of 
the method are provided, Which utiliZe different, represen 
tative scale parameters and landmarks. Because median and 
other percentile values are more robust than the mode, using 
the landmarks of the present invention results in a more 
robust standardiZer. “Mode” refers to the image intensity, 
Which occurs most frequently Within the body region in the 
acquired image. Consequently, more consistent meaning of 
intensities and better-de?ned ranges for different tissues on 
the standard scale are possible by the present methods than 
Were previously possible, permitting a practitioner to set 
better intensity of interest ranges, While retaining the ability 
to distinguish relevant information at the ends of the scale. 

In a preferred embodiment of the invention, the method is 
automated. 

It is an object of the invention to provide a method, 
Whereby standardiZation of the image permits using prede 
termined display WindoW settings and facilitates image 
segmentation. Image analysis and tissue segmentation meth 
ods are considerably improved, in terms of constancy of 
parameter settings and degree of automation upon scale 
standardiZation. In accordance With the standardiZation pro 
vided by the present invention, numerical meaning is 
achieved, offering the capability of making numerical diag 
noses and advanced understanding of diseases. The pre 
ferred methods are, therefore, a recommended ?rst step in 
every MR image visualiZation and analysis task. 

In additional preferred embodiments of the invention, a 
standardiZer "cw is stored in a lookup table and/or the 

standardiZed image Vsi is stored as output image intensity 
in a lookup table. 

In accordance With a preferred embodiment, the MR 
images are accompanied by the standardiZer lookup table 
When doWnloaded to the vieWing station. In another pre 
ferred embodiment, the images are automatically standard 
iZed. In yet another preferred embodiment, standardiZation 
is built into a MR scanner, permitting production of real time 
images With the standard scale. 

It is a further object of the invention to provide standard 
iZed MR image intensity scales for imaging a region of the 
body of a patient. 

It is also an object of the invention to provide a standard 
iZed MR image. In preferred embodiments, the standardiZed 
MR image is provided by the methods for standardiZing MR 
image intensity scales of the invention for imaging a region 
of the body of a patient. In additional preferred embodiments 
the image is provided by a post-processing step, Wherein a 
routinely acquired MR image of the region of the patient’s 
body is intensity transformed. In yet another preferred 
embodiment, the image is acquired by any selected MRI 
protocol and/or for any region of the patient’s. Moreover, the 
image is provided by a method, Which requires no special 
iZed acquisition protocol or calibration phantoms. 
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4 
It is also an object to provide a standardiZed MR image of 

a region of the body of a patient by the automated methods 
of the invention. 
The invention Will be more fully understood from the 

folloWing detailed description of preferred embodiments, 
draWings and examples, all of Which are intended to be for 
illustrative purposes only, and not intended in any Way to 
limit the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 depicts a pair of brain images. In FIG. 1(a) the 
images Were obtained using the same Pd protocol on the 
same scanner and their histograms. FIG. 1(b) depicts the 
same images after scaling to a ?Xed range, and their corre 
sponding histograms. The WindoW level for display is set at 
the mid-point of the full range and the WindoW Width is the 
full range. 

FIG. 2 schematically depicts the location of the 
histogram-speci?c parameters (landmarks). Minimum inten 
sity in the image is m1; maXimum intensity in the image is 
m2. Minimum percentile intensity is p1; maXimum percen 
tile intensity is p2. FIG. 2(a) depicts the bimodal histogram, 
Wherein the second mode of the histogram is p. FIG. 2(b) 
depicts the unimodal histogram, Wherein the shoulder of the 
“background hump” is 00. 

FIG. 3 demonstrates hoW to ?nd the parameters of the 
standard histogram. For illustration, only tWo images are 
shoWn. For j=1, 2, the minimum intensity is m1], and the 
maXimum intensity is mzj in the image V. The minimum and 
maXimum percentile intensities are p1]- and p2], respec 
tively; and p‘kj- is one of the landmarks of the histogram. p‘kj 
is the mapped value of pkj. Mk5 is the mean of the p‘kj- values, 
Which is the actual parameter sought on the standard scale. 

FIG. 4 depicts the intensity mapping function for the 
transformation phase. FIG. 4(a) shoWs 3 landmarks (for 
con?guration L1), and FIG. 4(b) shoWs the general case With 
1 landmarks. 

FIG. 5 depicts a schematic representation of the shapes of 
brain MRI histograms set forth as FIG. 5(a) through FIG. 
5(e). For clarity, only the histogram corresponding to the 
foreground (brain) is shoWn. 

FIG. 6 is a plot of the standard deviation of pzi of images 
versus pC2 (FIG. 6(a)), and the ?rst derivative of that 
function (FIG. 6(b)). 

FIGS. 7(a)—(c) depicts histograms at different stages of 
the standardiZation process for 10 different FSE Pd studies. 
Original histograms are shoWn as FIG. 7(a). Histograms 
after intensity scaling from [p1i, pzi] to [s1, s2], Wherein s1=1, 
and s2=4095, are shoWn as FIG. 7(b), and ?nal standardiZa 
tion are shoWn as FIG. 7(c). 

FIG. 8 depicts images displayed at ?Xed gray level 
WindoWs. RoWs 1—5 correspond to methods 0—4. In each 
roW, a slice from the Pd studies of three MS patients is 
displayed. 

FIG. 9 depicts images displayed at ?Xed gray level 
WindoWs. RoWs 1—5 correspond to methods 0—4. In each 
roW, a slice from the T2 studies of three MS patients is 
displayed. 

FIG. 10 depicts images displayed at ?Xed gray level 
WindoWs. RoWs 1—5 correspond to methods 0—4. In each 
roW, a slice from the T1E studies of three MS patients is 
displayed. 

FIG. 11 depicts images of three foot studies. FIG. 11(a) 
depicts the images before standardiZation. FIG. 11(b) depicts 
the images after standardiZation as determined by method 2 
(see Table 1). 
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FIG. 12 depicts original slices, before standardization of 
data sets of a patient’s brain With a large tumor displayed at 
default WindoWs (FIG. 12(a); and after standardization, 
displayed at a standard WindoW setting (FIG. 12(b) listed in 
Table 2 for the FSE Pd (?rst column) and T2 (second 
column) case for method 2 (see Table 1). FIG. 12(a) images 
are a FSE Pd study. FIG. 12(b) images Were obtained using 
a T2 contrast agent. 

FIG. 13 depicts the results of three (3) SE Pd studies, all 
acquired per a ?xed protocol. FIG. 13(a) depicts the images 
before standardiZation displayed at a default WindoW. FIG. 
13(b) depicts the images after standardiZation displayed at a 
standard WindoW using method 2 (see Table 1). The training 
data Were acquired using a protocol similar to the SE Pd 
protocol With slightly different parameters from a scanner of 
the same brand at a different hospital. 

FIG. 14 depicts the images of FIG. 8 as binary, using a 
?xed threshold interval for each roW. The threshold interval 
for the ?rst image in each roW Was determined interactively 
to give a good GM de?nition by visual inspection. RoWs 1—5 
correspond to methods 0—4. 

FIG. 15 depicts original slices from three (3) studies, all 
acquired using a ?xed SE Pd protocol, before standardiZa 
tion. FIG. 15(a) depicts the images displayed at default 
WindoWs. FIG. 15(b) depicts the same slices, displayed at a 
?xed “standard” WindoW after standardiZation using method 
2 With the parameters that Were derived from a training set 
of an identical SE Pd protocol. FIG. 15(c) depicts the 
images, displayed after standardiZation using the same 
method With the parameters that Were derived from a 
training set of images acquired using a FSE Pd protocol 
displayed at the “standard” WindoW for FSE Pd. 

FIG. 16 illustrates the effect of mixed training. Ten (10) 
brain studies from each of FSE Pd (?rst column), FSE T2 
(second column), and T1E (third column), and 10 
T1-Weighted gradient-echo studies of the foot (fourth 
column) Were used in training. FIG. 16(a) shoWs the display 
at a study-speci?c default WindoW of one slice of a study 
from each of the cited protocols before standardiZation. FIG. 
16(b) shoWs the same slices after standardiZation (using 
method 2) displayed at one ?xed WindoW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention provides a simple Way of transforming MR 
images so that there is a signi?cant gain in the similarity and 
meaning of intensities of the resulting images. It is based on 
transforming the intensity histogram of each given image 
into a “standard” histogram. This is achieved in tWo steps. 
First, there is a training step, Which is executed only once for 
a given protocol and body region. Second, there is a trans 
formation step, Which is executed for each given image. 
By “protocol” is meant any particular pulse sequence used 

in MR imaging. 
By “body region” is meant a particular three-dimensional 

region of the human body, such as the head, the foot, hand, 
the knee, the pelvic region, chest, thorax, etc., that is scanned 
for acquiring the MR images. 

“Transformation” refers to a mathematical mapping of the 
range of image intensities in the input image to the range of 
intensities in the output image on the standard scale. 

“Training” refers to the process of estimating the param 
eters necessary to determine the transformation for a par 
ticular protocol and body region. It is necessary to tailor the 
transformation to each protocol and body region. In the 
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training step, certain landmarks of a standard histogram (for 
the body region and protocol under consideration) are esti 
mated from a given set of images. A “landmark,” as used in 
the histogram of the present invention, refers to the location 
of a histogram-speci?c parameter. In the transformation, 
standard scale is computed by mapping the landmarks 
determined from the histogram of the given image to those 
of the standard histogram. “Intensity transformation” means 
the same as, and is used interchangeably With “transforma 
tion.” The “intensity scale” of an image refers to the range 
of intensity values in the image. The “input image” is a given 
image Whose intensities need to be standardiZed. The “stan 
dard scale” is the intensity scale of the standardiZed image. 
The transformation results in a standardiZed scale for each 
protocol and body region. Intensities in the transformed 
images have consistent tissue meanings, and standard Win 
doW settings can be determined for different tissues, just as 
they are in computeriZed tomography (CT). 
A preferred tWo-step method is provided, Wherein all 

images (independent of patient characteristics or variations 
betWeen speci?c brands of MR scanner being used) can be 
transformed, such that for the same protocol and body 
region, transformed images of similar intensities Will have 
similar tissue meaning. 

Brie?y stated, in the ?rst step, the parameters of the 
standardiZing transformation are “learnt” from an image set. 
In the second step, for each MR study, these parameters are 
utiliZed to determine the mapping needed to deform the 
resulting histogram into a standardiZed histogram. The 
method has been tested quantitatively on 90 Whole brain 
studies of Multiple Sclerosis patients for several protocols, 
and qualitatively for several other protocols and body 
regions. As measured by mean squared difference and the 
coef?cient of variation of the mean tissue intensities, stan 
dardiZed images have statistically signi?cantly more con 
sistent range and intensity meaning for tissues than those 
Without. This consistency Was achieved independently of the 
scanners. 

Fixed gray level WindoWs are established for the stan 
dardiZed images and used for display Without the need of per 
case adjustment. Thus, in accordance With the present 
method, image analysis and tissue segmentation methods 
Were considerably improved in terms of their constancy of 
parameter settings and their degree of automation. 

The method is simple, fast, easy to implement, and 
completely automatic. For example, in a Picture Archiving 
and Communication System (PACS), the present method 
can be incorporated as a DICOM Value of Interest “lookup 
table” in the image header. “DICOM” is an acronym for 
Digital Imaging and Communications in Medicine and 
refers to a standard that is commonly accepted by the 
medical imaging community for exchange and communica 
tion of images in a standard format. A “lookup table” refers 
to a method of storing an intensity transformation. It is a 
one-dimensional array of values, Wherein the number of 
cells in the array indicates the input image intensity, and the 
stored value represents the output image intensity. 
The transformed images permit predetermined display 

WindoW settings and also facilitate image segmentation. The 
images can be automatically transformed or accompanied by 
the correct “lookup table” When they are doWnloaded to the 
vieWing station. The method can even be built into the MR 
scanner, to automatically produce real time images With the 
standard scale. 

1. The StandardiZing Method 

The frameWork of the standardiZing method, as disclosed 
beloW, is set forth in a general Way so that many variants can 


















